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The  objective  of  this  project  is  to  use  primarily  an  electrochemical  approach  to 
study  the  fundamental  molecular  processes  that  underlie  the  light-mediated  sensory 
(visual)  and  energy  (photosynthetic)  transduction  in  model  retinal  protein  membranes.  We 
take  advantage  of  the  chemical  similarity^batween  rhodopsin  (visual  pigment),  bacterio- 
rhodopsin  (a  light-driven  proton  pump)  and  halbrhodopsin  (a  light-driven  chloride  pump) 
to  explore  possible  common  designs  in  these  proteins -for  different  functions. 

We  use  a  tunable  voltage  clamp  method  to  analyze  site-specif ic  electric  signals  from 
membranes  reconstituted  from  normal  and  chemically  modified  r'^tinal  proteins.  We 
proposed  a  regulatory  mechanism  of  visual  transduction  based  on  the''rea£ly  receptor 
potential.  We  also  discovered  site-specific  signals  from  halorhodops in 'feenibranes  that 
are  analogous  to  the  B1  and  the  B2  component  of  bacter iorhodopsin  membrane  s^iamed  HI  and 
H2,  respectively).  Our  preliminary  results  show  that  the  H2  component  is  highly 
sensitive  to  aqueous  chloride  concentration,  c,  /  t  ,i  1.  ...  '.  ,  J 
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PROGRESS  REPORT  ON  CONTRACT  N00014-87-K-0047 


PRINCIPAL  INVESTIGATOR:  Felix  T.  Hong  Date:  June  29,  1988 

CONTRACTOR:  Wayne  State  University 

CONTRACT  TITLE:  Electrochemical  Study  of  Phototransduction  in  Protein 
Pigment-Containing  Model  Membranes 

START  DATE:  1  December  1986 


RESEARCH  OBJECTIVE:  The  objective  is  to  use  primarily  an  electrochemical 
approach  to  study  the  fundamental  molecular  processes  that  under  lie  the 
physical  basis  of  sensory  transduction  and  energy  transduction  in  retinal 
protein  membranes. 


PROGRESS  (Year  2) : 

In  this  second  year  of  project,  we  continued  to  investigate  the  pulsed 
light-induced  photoelectric  signals  from  reconstituted  retinal  protein 
membranes.  We  add  to  our  repertoire  halorhodopsin,  a  chloride  transporting 
protein  in  Halobacterium  halobium.  Essentially,  we  were  following  the  guidance 
of  two  of  my  theoretical  papers  (Publications  #1  and  #2).  We  treat  active  ion 
transport  as  a  process  with  two  interfacial  charge  transfer  reactions  coupled  by 
a  light-dependent  step  of  ion  pumping  across  the  membrane.  We  have  analyzed  two 
experimental  systems  aud  have  reached  a  generalization  that  the  rate-determining 
step  is  the  transmembrane  step.  As  a  consequence,  we  can  treat  the  interfacial 
event  independently  of  the  intramembrane  event.  We  have  found  two  different 
electric  signal  originates  from  two  surfaces  of  a  bacteriorhodopsin  membrane 
that  have  opposite  pH  dependence.  The  result  suggests  that  the  two  signals 
reflect  proton  uptake  and  release,  respectively,  at  opposite  sides  of  the 
membrane.  The  implication  is  that  we  have  three  separate  signals  to  probe  the 
events  at  two  surfaces  and  the  event  in  the  membrane  interior  (i.e.,  the  signals 
are  site-specific).  This  notion  was  reinforced  by  chemical  modification  studies 
with  f luorescamine  and  N-bromoacetamide,  showing  that  only  the  surface  component 
is  affected.  We  are  now  pursuing  experiments  with  vitamin  A  analog  substitution 
in  order  to  gain  a  better  insight  into  how  it  affects  the  photosignal.  It  also 
became  apparent  that  site-directed  mutagensis  would  be  quite  informative  if  it 
is  coordinated  and  correlated  with  our  site-specific  electrical  measurements. 

A  test  of  the  generality  of  our  approach  is  to  apply  it  to  a  different 
retinal  protein.  Our  recent  experiment  on  halorhodopsin  demonstrates  the 
generality  of  this  approach.  The  basic  premise  is  that  chloride  ions  must  bind 
to  or  release  from  the  surfaces  in  the  light-induced  pumping  and  that  for  every 
reaction  there  is  also  a  reverse  reaction.  Therefore,  we  should  be  able  to 
identify  such  a  signal  which  has  detectable  dependence  on  the  aqueous  chloride 
concentration.  As  shown  in  Fig.  1 ,  we  observed  two  components:  a  positive-going 
signal  (in  the  direction  from  extracellular  to  intracellular  for  positive 
charges,  or  in  the  opposite  direction  for  negative  charges).  This  signal  is 
formally  equivalent  to  Bl  of  bacteriorhodopsin  and  represents  initial 
intramembrane  charge  separation  (named  HI).  An  additional  component  (H2)  has 
opposite  polarity  is  highly  sensitive  to  chloride  concentration.  It  can  be 
reversibly  inhibited  by  high  chloride  concentration.  Tentatively,  it  is 
identified  with  the  intracellular  chloride  release  and  its  reverse  reaction. 

It  is  understandable  to  have  two  interfacial  charge  transfer  reactions  in 
an  ion  pumping  membrane.  It  is  harder  to  understand  why  there  is  a  proton 
uptake  in  the  sensory  transducing  pigment  rhodopsin  since  there  is  no  need  to 
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transport  proton  across  the  membrane.  Such  a  signal  (the  ERP  R2  component) 
could  serve  an  electrostatic  regulatory  function  only  if  it  occurs  at  the 
cytosol  side  of  the  rod  outer  segment  disk  membrane.  In  a  lecture  delivered  at 
the  Satellite  Symposium  on  Molecular  Electronics  and  Biocomputers  in  Budapest 
last  August,  I  speculated  about  this  possible  mechanism.  However,  the  crucial 
information  about  the  side  of  proton  uptake  in  a  disk  membrane  was  missing. 

This  information  was  provided  by  M.  A.  Ostrovsky' 6  recent  work  (Sensory  Systems, 
Vol  1,  pp.  117-126,  1987)  .  He  demonstrated  that  the  proton  uptake  is  actually 
occurs  at  the  cytosol  side.  Furthermore,  there  is  no  proton  release  at  the 
intradisc  side  and  that  there  is  no  transmembrane  transport.  We  intend  to 
follow  this  clue  further.  In  the  meantime,  the  available  data  up  to  this  point 
suggest  that  there  may  be  a  common  design  in  these  retinal  proteins  although 
different  functions  are  involved. 

WORK  PLAN  (Year  3):  We  will  continue  to  investigate  the  photoelectric  effect  of 
various  reconstituted  membranes  with  unmodified  or  modified  retinal  proteins. 

We  will  further  characterize  the  chloride  dependence  of  the  H2  signal  in 
halorhodopsin  membranes.  Whenever  appropriate,  equivalent  experiments  will  be 
performed  on  bact^riorhodopsin  as  controls.  For  the  halorhodopsin  work,  we  are 
collaborating  with  Dr.  Janos  Lanyi,  University  of  California,  Irvine.  Another 
collaborator.  Dr.  Richard  Needleman,  Wayne  State  University,  Biochemistry 
Department,  is  working  on  genetic  modification  of  halorhodopsin  (site-directed 
mutagenesis).  We  are  particularly  interested  in  identifying  chloride  binding 
site(s).  We  are  also  collaborating  with  Dr.  Hitoshi  Shichi,  Oakland  University, 
on  rhodopsin  dry  films.  Our  project  on  dielectric  and  metal  coated  thin  film  is 
making  rather  slow  progress,  mainly  because  our  subcontractor  was  placing  a  low 
priority  of  our  order.  Recently,  we  are  fortunate  to  find  another  supplier. 

The  Electronics  Design  Center  at  Case  Western  University  became  interested  in 
our  work  and  is  willing  to  manufacture  the  thin  film  assembly  to  our 
specifications  at  no  costs.  We  are  also  seeking  possibility  of  doing 
site-directed  mutagenesis  on  bacteriorhodopsin  via  collaboration  in  order  to 
fully  exploit  the  site-specific  nature  of  our  photoelectric  signal.  If  all  goes 
well,  we  may  want  to  place  a  greater  emphasis  on  this  aspect. 
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